ABSTRACT. The SBP-box gene family is specific to plants and encodes a class of zinc finger-containing transcription factors with a broad range of functions. Although SBP-box genes have been identified in numerous plants, including green algae, moss, silver birch, snapdragon, Arabidopsis, rice, and maize, there is little information concerning SBP-box genes, or the corresponding miR156/157, function in melon. Using the highly conserved sequence of the Arabidopsis thaliana SBPbox domain protein as a probe of information sequence, the genomewide protein database of melon was explored to obtain 13 SBP-box protein sequences, which were further divided into 4 groups, based on phylogenetic analysis. A further analysis centered on the melon SBPbox genetic family's phylogenetic evolution, sequence similarities, gene structure, and miR156 target sequence was also conducted. Analysis of all the expression patterns of melon SBP-box family genes showed that the SBP-box genes were detected in 7 kinds of tissue, and fruit had the highest expression level. CmSBP11 tends to present its specific expression in melon fruit and root. CmSBP09 expression was the highest in flower. Overall, the molecular evolution and expression
INTRODUCTION
Transcription factors, which are proteins that bind the promoter region of DNA in a sequence-specific manner and regulate gene expression by activating or repressing the transcription of downstream target genes, are found in virtually all living organisms and play an essential role in regulatory networks of many important developmental processes (Riechmann et al., 2000; Hou et al., 2013) . A large number of transcription factors are present in plants; they are usually classified into different families and subfamilies based on the sequence of DNA-binding domains (Riechmann et al., 2000) , such as the WRKY, AP2/EREBP, MYB, HB, GRAS, NAC, MADS, and SBP transcription factor families. SBP (squamosa promoter binding protein)-box genes encode a family of plant-specific transcription factors (Klein et al., 1996; Cardon et al., 1999 ) that contain a highly conserved DNA-binding domain, termed the SBP domain. This domain is an assembly of approximately 76 amino acid residues that are involved in both DNA binding and nuclear localization and features 2 zinc-binding sites (Klein et al., 1996; Yamasaki et al., 2004) ; such plant-specific transcription factor gene families contain several members that are mainly involved in plant growth, development, and a variety of physiological and biochemical processes (Guo et al., 2008) . SBP domain proteins were first isolated from Antirrhinum majus in an in vitro approach to identify regulators of the MADS-box gene SQUAMOSA by their ability to bind to its promoter (Klein et al., 1996) . To date, these gene family members have been identified in Arabidopsis (Unte et al., 2003) , rice (Shao et al., 1999) , white birch (Lännenpää et al., 2004) , and other plant species. The SBP-box genes play a crucial role in regulating plant growth and development, including regulating flower and fruit development, as well as other physiological processes (Lännenpää et al., 2004; Arazi et al., 2005; Kropat et al., 2005) , GA-mediated developmental processes, and copper response process regulation (Zhang et al., 2007) . A tomato SBP-box gene was found to be a critical factor in fruit ripening (Manning et al., 2006) . Xie et al. (2006) identified 19 SBP-box genes from the rice genome and revealed their predominant expression in several organs. MicroRNAs (miRNAs) have been found to play a crucial role in the regulation of gene function in plants. miRNAs are small RNA molecules (20-24 nucleotides in length) that can cause the degradation of mRNAs or repress translation by binding to the transcripts of their target genes, of which approximately half encode transcription factors (Bartel, 2004) . Eleven recognition sites of miRNA156 (miR156) were identified (Schwab et al., 2005; Wu and Poethig, 2006; Gandikota et al., 2007) .
Melon (Cucumis melo L.) is a eudicot diploid plant species (2n = 2x = 24) of interest for its specific biological properties and for its economic importance (Garcia-Mas et al., 2012) . Melon is an attractive model for studying valuable biological characteristics, including sex determination (Boualem et al., 2008; Martin et al., 2009) , vascular biology (Haritatos et al., 1996; Gómez et al., 2005) , and fruit ripening (Pech et al., 2008) . It exhibits extreme diversity in fruit traits. The species is highly polymorphic: melon fruits vary markedly in fruit shape, size, rind form, firmness, flesh color, ripening behavior, and flavor (Nuñez-Palenius et al., 2008) . In addition, melon fruits have significant variations in ripening physiology and can be categorized as either climacteric or nonclimacteric based on their ripening-related respiration rate and ethylene evolution profiles (Giovannoni, 2007) . Melon fruit has the potential to be an alternative model to tomato (Solanum lycopersicum L.) for fleshy fruit ripening (Giovannoni, 2007; Ezura and Owino, 2008) . In June 2012, the accomplishments of the whole-genome sequencing of melon were published, and its genome, being relatively small (approximately 374 MB), statistically supports the analysis, identification, phylogenetic analysis, and functional deduction of its family genes within the scope of the whole genome. The International Cucurbit Genomics Initiative (ICuGI) database [available at http://www.icugi.org (accessed April 3, 2012)] currently includes circa 8,144,030 expressed sequence tags (ESTs) and 611,438 unigenes, nearly a third of which have been derived from fruit libraries (Portnoy et al., 2011) . In addition, MELONOMICS (https://melonomics.net) is available for the genome database, which currently includes CM_ protein_v3.5 (accessed May 4, 2011), melon_genome_pseudo-molecules_v3.5 (accessed June 21, 2012), and CM_assembly_scaffold_and_unscaffold_con-tigs_v3.5 (accessed May 4, 2011). The melon genome sequences are excellent tools for elucidating the genomic structure, gene function, and evolution of species.
The SBP-box gene family of transcription factors is specific to plants and plays roles in plant growth and development. These genes have been identified in a number of plants, but they have not yet been identified in melons. This study performed predictive computer analysis for SBP-box proteins in melons. On the basis of the highly conserved sequences in the domain of the SBP-box family, genes in the SBP-box family in the melon genome were surveyed, resulting in the identification of 13 genes in this family. Phylogenetic analyses were performed, as well as exon/intron and protein motif structural analyses of the SBP-box family genes. In addition, the expression patterns of SBP-box family genes in different tissues or organs were analyzed. The data generated from this study will contribute to studies on the selection of appropriate candidate genes from the SBP-box family in melon for further functional characterization and understanding of the precise regulatory checkpoints that operate during developmental and stress responses.
MATERIAL AND METHODS

Database search for melon SBP-box genes
An Arabidopsis protein with a typical structure of the SBP domain was selected as the probe sequence in the National Center for Biotechnology Information (NCBI) database (ACCESSION: NM_180137), and Basic Local Alignment Search Tool (BLAST) (Altschul et al., 1990 ) of the Bioedit 7.0.9 tool (Hall, 1999 ) was used to search the similar protein sequences in the CM_protein_v3.5 database (https://melonomics.net/files/Genome), which subordinates to MELONOMICS, with the aim of identifying all the candidate proteins that contain the SBP domain in the melon genome. We also searched the database using amino acid sequences of the SBP domain of other members of the Arabidopsis SBP-box family as the query to confirm that the search was exhaustive. Sequences with an E-value ≤10 -3 were regarded as candidate proteins with an SBP domain, while other parameters were the default values.
To further confirm the postulated SBP-box family genes, the amino acid sequences were then searched for the SBP-box domain using the Simple Modular Architecture Research Tool (SMART) (Schultz et al., 1998; Letunic et al., 2009 ).
Multiple sequence alignment, tree building, and conserved motif prediction
Multiple sequence alignment, using Clustal W (Larkin et al., 2007) with default parameters, predicted the melon SBP-box protein sequences. The DNAMAN Version 7.0 software was also used as a secondary method for aligning sequences and rechecking results. To compare the evolutionary relationships of SBP-box family members, multiple sequence alignment was applied, by way of Clustal W, on already obtained SBP-box protein sequences.
A phylogenetic tree was constructed with aligned SBP-box protein sequences of the domains using MEGA5.10 (Tamura et al., 2007) and the neighbor-joining (NJ) method (Saitou and Nei, 1987) with Poisson correction, pairwise deletion, and bootstrap (1000 replicates; random seeds) as parameters. Simultaneously, the maximum parsimony (MP) method of the MEGA5.10 software (Tamura et al., 2007) was employed to create a second phylogenetic tree with a bootstrap of 1000 replicates to validate the results from the NJ method. The subsequent tree file was visualized by MEGA5.10 (Tamura et al., 2007) . MEME Suite version 4.8.1 (Bailey et al., 2009 ) (http://meme.nbcr.net/meme/cgi-bin/ meme.cgi) was used with the following parameters: optimum width 6-300 amino acids, any number of repetitions of a motif, and maximum number of motifs set to 5. The resulting motifs were checked in the NCBI and SMART databases for their significance.
Location of miR156 target sites
The SBP-box gene family is characterized remarkably by the regulation of miR156; as in the GRAS gene family, the expression of some genes is regulated by miR171 -namely, SBP-box gene family members of some of the genes expressed by miR156 regulation. It is pivotal to identify whether the gene sequences of these transcription factors contain miR156 target sites to understand their roles in regulatory functions.
On the basis of the GFDB database (http://gfdb.sdau.edu.cn/miRNA.asp), miR156 target sites (TGACAGAAGAGAGGGAGCAC) were found, alignment analysis was carried out using the DNAMAN7.0 software with SBP-box gene family nucleotide sequences, and reverse complementary sequences of miR156 in these genes were aligned. The resulting miR156 target site sequences with no more than 3 mismatching bases were considered as positive sequences.
Expression analysis of melon SBP-box genes
The expression characteristics of the SBP-box gene family were detected using ESTs. We used nucleotide sequences of the SBP-box, which are available from MELONOMICS, as probing sequences for the proteins in melons. A nucleotide BLAST analysis in the NCBI EST database (http://www.ncbi.nlm.nih. gov/blast.cgi) was completed. As a result, 1948 ESTs were obtained. Then, the sequences that had a maximum identity of >90 and <100% were screened (Zhang et al., 2012) . Redundant sequences were removed from the data set, and 789 final sequences were obtained. The EST annotation information of the 789 obtained sequences was used to analyze the expression patterns in different tissues.
RESULTS
Identification of 13 SBP-box genes in melon
In order to identify the CmSBP-box genes in melon genomes, the SBP-box domain of a melon SBP-box amino acid sequence was used as a protein BLAST query sequence; 13 genes were identified as possibly encoding proteins containing the SBP-box domain (Table 1 ). In addition, other members of the Arabidopsis SBP-box family were used as the query, and the results were consistent with the initial search (ACCESSION: NM_180137), thereby certifying its reliability.
The same 13 sequences were also obtained from the MELONOMICS database using a hidden Markov model with PF03110 containing a typical SBP-box domain. The individual genes are listed in Table 1 . Among them, the 13 that were predicted to encode proteins containing the SBP-box domain were thus assigned to the SBP-box family. On the basis of the amino acid identity of SBP-box domains, the 13 SBP-box family members were further classified into 4 groups.
SMART analysis indicated that the SBP-box domain of each of the 13 CmSBP-box genes was typical, thereby certifying their reliability. 
Phylogenetic analysis of the SBP-box gene family in melon
To determine the evolutionary relationship among CmSBP-box proteins, an unrooted NJ (Saitou and Nei, 1987) phylogenetic tree was constructed with bootstrap analysis (1000 replicates) based on the multiple sequence alignments of the 13 CmSBP-box proteins (Figure 1) .
The analysis revealed that the 13 CmSBP-box members were divided into 4 groups, designated I to IV (Table 1 ). The NJ tree reliability was certified by generating another phylogenetic tree using the MP method, whereupon it was found that nearly all the CmSBP-box members were placed within the same groups. The results show that members in group I contained 1 or 3 introns; members of group II contained 1, 2, 9, or 10 introns; members of group III contained 2 introns; and members of group IV contained 6 introns (Table 1) .
Functional divergence in the SBP-box gene family was caused by different numbers and intervals of introns in the members of the 4 groups. A large difference in the number of introns within the group implies that members in the group are in the differentiation period of gene function. This result was consistent with those of Guo et al. (2008) who classified the SBPbox gene family in 9 representative green plants and, Hou et al. (2013) , who analyzed grapes.
A phylogenetic tree was constructed using amino acid sequences of SBP-box domains. The results showed that the SBP-box gene family includes 5 pairs of duplicated genesCmSBP02 and CmSBP13, CmSBP01 and CmSBP09, CmSBP08 and CmSBP06, CmSBP10 and CmSBP12, and CmSBP03 and CmSBP05 (Figure 1) . These 5 pairs of duplicated genes are likely to have different numbers of introns and be gene duplications of the same ancestral gene in evolution, which occurred prior to the divergence of the monocotyledonous and dicotyledonous plant species.
The two external nodes that are in the end of the same clades of the phylogenetic tree are likely to be the closest homologous gene pairs. Analysis of the phylogenetic tree showed that genes in the same clade were duplicated several times before the formation of melon species. The SBP-box gene occurred after the formation of repeated events. This shows that the ancestral gene of the SBP-box gene family originated with the divergence of other species.
In this study, a phylogenetic tree of 13 melon SBP-box protein sequences was constructed. The phylogenetic tree (Figure 1 ) shows that these sequences are divided into 4 subfamilies. The classification of SBP-box transcription factor proteins in Arabidopsis is consistent with that in melon, and the SBP-box gene family is highly conserved between Arabidopsis and melon. 
Analysis of the melon SBP-box protein domain
For the convenience of this research, these 13 SBP genes were renamed CmSBP01-CmSBP13 according to their Gene ID number. In order to compare the characteristics of these 13 CmSBP proteins, a multiple sequence alignment based on the CmSBP protein domain obtained through SMART and full-length SBP domain of amino acid sequences was performed with the DNAMAN version 7.0 software. The CmSBP proteins share 1 conserved SBP domain (Figure 2 ), 2 zinc finger protein class structures (Cys2HisCys), and a highly conserved bipartite nuclear localization signal (Figure 2 ). Melon SBP domains tend to be very identical, being highly conserved in certain areas in which the most conserved amino acid residues function with 2 zinc ions to coordinate cysteine and histidine residues. Similarly, the relatively conserved amino acid residues are involved in the nucleic localization of the basic amino acid residues. In all SBP domains of the CmSBP proteins, there are no redundant amino acid residues. The sequence alignment analysis of the CmSBP protein amino acid sequences revealed that, except for the highly conserved CmSBP domain, the sequence variability of the N-terminus and C-terminus was relatively conspicuous (Figure 3) ; thus, the varied protein functional specificity of CmSBP can be determined.
By comparing the full-length sequence of CmSBP proteins, except for the conserved SBP domain, the most of the CmSBP amino acid sequences contain a conserved lysine near the upstream SBP domain. 
Conserved motif analysis of melon SBP-box proteins
In order to verify the existence of a conserved motif in the CmSBP-box family, the CmSBP-box family was searched using the MEME online software, and 3 conserved motifs of the already-discovered SBP domain were detected (Figures 4 and 5) . Very few biological functions of motifs are known. In all SBP-box family members, the SBP domain, composed of CM-1 and CM-2, has been widely identified. In addition, CmSBP01, 02, 05, 06, 09, and 11 contain CM-4 [DS(GD)CALSLLSS], which is the highly conserved bipartite nuclear localization signal (Figures 4 and 5) . Also, CmSBP01 and 09 contain CM-5, while CmSBP04, 06, and 08 contain CM-4, and all 5 duplicated gene pairs share the motifs and are identical in type and quantity. The data above justify the prediction of the existence of the 5 duplicated gene pairs in SBP family proteins. Moreover, the intron analysis suggests the insertion of quantity-variable introns into the coded sequence of the SBP-box gene, verifying that the SBP-box protein was generated by gene duplication and differentiated by the insertion of introns. 
Localization of miR156 target sequences
Target sites of miR156 in all plants tend to be completely conserved, and varied miRNA target sites all encode a conserved peptide, ALSLLS, in exons of different genes (Guo et al., 2008) . A comparison of the miR156 target sequence and the nucleotide sequence that corresponds with the 13-amino acid miR156 target sequence (Figures 3 and 6) showed that there were 6 miR156 recognition sites, accounting for 46.2% of the total family members. This result is consistent with that of related research in Arabidopsis and grapes, and it demonstrates the reliability and accuracy of the predictions of the SBP-box gene family. Although the genomes of Arabidopsis thaliana, melon, and grape are different in size, they share miR156 recognition sites, suggesting that SBP-box genes are extremely conserved in the evolution of various species, which might have been caused by the necessity and significance of SBP-box genes in plant functions. 
Analysis of melon SBP-box gene expression
The 131,052 ESTs from C. melo have been deposited in the GenBank database (http://www.ncbi.nlm.nih.gov/nucest/?term=melon). These partial transcript sequences are valuable for gene expression pattern observations because the expressional characteristics and abundance of genes were revealed via these partial transcript sequences. To demonstrate the expression patterns of these SBP-box family genes across various tissues, SBP-box gene expression was analyzed in 7 tissues (fruit, root, flower, callus, leaf, cotyledon, and phloem) (Figure 7 ). Among them, fruit had the highest expression level, accounting for 29.5% of the total expression. The root reached second place, with 22.8% of the total expression. This was followed by 16.7, 15.8, 7.6, 4.4, and 3 .2% of the expression in flower, callus, leaf, cotyledon, and phloem, respectively. The percentage of SBP-box family gene expression in phloem (3.2%) was the lowest of all the tissues. To further study the SBP-box gene expression pattern of single genes among transcriptomes of different tissues, the expression profiles of 13 SBPbox family genes of C. melo were examined by analyzing EST counts (Figure 8 ). Redundant sequences were removed from the dataset, and 789 final sequences were obtained and used to determine the gene expression patterns in different tissues. CmSBP11 tended to have specific expression in melon fruit and root with multiple copy forms. CmSBP09 was expressed the highest in flower. 
DISCUSSION
Thirteen SBP proteins exist in melon that could be divided into 4 groups. Among these groups, group I contains 6 genes and group II contains 2 genes. A. thaliana was found to contain 16 SBP-box genes (Riechmann et al., 2000) , while strawberry was found to contain 16 SBP-box genes.
Gene duplication and differentiation have long been viewed as the major pathways of new gene origin and the differentiation of gene function. According to the classical theory, when a gene duplicates, the initial function of duplicated genes tends to be completely redundant, but because of the relaxation of selection pressure, the two duplicate genes gradually and separately accumulate genetic variations to achieve changes in gene structure and function (Zhang, 2003) .
Current views grant duplicated genes 3 different fates. First, one copy inherits the gene function of its ancestor, while the other one becomes a pseudogene. Second, one copy holds the gene function of its ancestor, while the other acquires a new function that is varied from the former. Third, 2 copies are sub-functionalized, and they together bear the gene function inherited from their ancestor (Moore and Purugganan, 2005) . Among the 13 SBP-box genes that were identified, there are 5 duplicated gene pairs. Of these, CmSBP01, CmSBP09, CmSBP02, and CmSBP13 shared expression characteristics. These pairs might have sub-functionalized so that they coordinately perform functions that once belonged to one of their ancestors, but the clarification of the primal and secondary status within those duplicated gene pairs needs further investigation. Cardon et al. (1999) and Schmid et al. (2003) determined that the SBP-box genes (AtSPL1, 12, 14, and 17) with relatively longer coding sequences in Arabidopsis were involved in constitutive expression, and the SBP-box genes with moderate or relatively short coding sequences were upregulated during the ripening of flowers . Thus, CmSBP01 and CmSBP09 might belong to SBP-box genes with longer coding sequences, and CmSBP11, CmSBP10, CmSBP06, CmSBP03, and CmSBP12 pertain to SBP-box genes with moderate or short coding sequences.
ESTs are created by partially sequencing randomly isolated gene transcripts, and they have proved valuable in molecular biology. The identification of SBP-box family genes and analysis of gene expression patterns using ESTs are classic examples of their utility. In this study, to detect the expression patterns of the 13 genes in the SBP-box family of melon, 7 tissue types were analyzed according to EST annotations (Figure 8 ). Gene transcripts were the most abundant in fruit tissue, followed by root and flower tissue. Most of the SBP-box family genes were detected in all 7 tissue types. The CmSBP11 gene was particularly interesting in that its level of expression was the highest among all the SBP-box family genes, and it was highly expressed in fruit tissue. Therefore, we speculate that the SBP-box family may play an important role mainly in fruit growth and development in melon. In addition, abundant ESTs were detected in the callus, supporting a role for SBP-box proteins in the stress response. The natural gene expression levels in various tissues were not caused by the frequencies of ESTs in GenBank. However, it is reasonable for researchers to outline the gene expression pattern of their interest. This study would be of interest to plant molecular biologists, particularly those interested in the SBP-box gene family. They could use this premise of this study to predict proteins in other types of plants.
